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Changes from Revision G (May 2016) to Revision H Page
e Deleted Device OPLIONS tADIE .........oooi et e et e e e ettt e e e s tte e e e e e antbeeeeeaantbeeee e e ntbe e e e e e ntaeeeeeanrreeaeaan 4
¢ Added Vp to analog input parameter in Absolute Maximum Ratings table ...........cccooviii i 5
* Added Vg table note in Absolute Maximum Ratings table
¢ Changed formatting of Thermal Information table note ....................
* Deleted first table note in Electrical Characteristics table
* Added version C to input test conditions in Electrical Characteristics table ... 6
« Added version C test conditions to gain error parameter in Electrical Characteristics table ..........cccoociiieiiiiiie i 6
o OFEX K7, K10, ” 15 K 17, K 18, K 19, K 20, ¥ 21 and & 22 to match commercial data sheet .......................... 8
« NN test conditions to ¥ 8, I 9, I 10, and & 11 and & 12 from INA21x commercial data sheet ..............c.cccceuvene..e. 8
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Changes from Revision F (April 2016) to Revision G Page
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Changes from Revision E (December 2014) to Revision F Page
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O A e L PO T G € =TSR 1
¢ Deleted footnote 1 from Pin FUNCHONS tADIE ..........uuuiiuiiiiiiii it e e ettt e e e e e e e e e e et e e e e bbb eeeeeeeeeeeeesssberaaaanans 4

* Changed Absolute Maximum Ratings table: changed operating temperature from —55°C to 150°C to —40°C to
24 O T T TP T T TP T PR O TP PTOPP PSP 5
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* Changed Changed ESD Ratings table: changed title, made CDM values all one row because corner pins and all
other pins tested the same, added separation of specs for versions A and B, and moved the storage temperature to

Absolute Maximum Ratings table; added VErsion B GEVICES ........cccuiiiieiiiiiie ettt e e e e e s saaee e e e ennnnees 5
« Changed Electrical Characteristics table: changed conditions and changed all INA213A-Q1 to INA213-Q1 .......cccceeuieeenn. 6
e Changed Input, V¢ parameter in Electrical CharacteristiCs table ...........ocvvoiiiiiiiii e 6
¢ Changed Input, CMRR and Vg parameters in Electrical Characteristics table ............c.cccoviiiiiiii e 6
e Changed Output, Gain parameter in Electrical Characteristics table ...
« Deleted test conditions from Output, Nonlinearity error parameter in Electrical Characteristics table
¢ Changed Frequency Response, BW parameter in Electrical Characteristics table ...........cccccceiiiiiiii i
¢ Changed conditions of Typical CharacCteriStiCS SECON ..........cuuiiiiiiiiiiii et e e e e e e e e enee e e e e nnees 8
LI @1 0 F= g To T=To B o U= AP RPP PP SUPROURPPPRIN 8
LI @ =Yg To 1= To I T 0T = 0 IS SRR 9
e Changed first SENteNCE Of OVEIVIEW SECHION .......ciiiiiiiiiiieaiiii et e e ettt ettt e e e e e bb e e e e e e aabb et e e e e aabbe e e e e aanbbe e e e s anbaeeeeeannrneeas 12
¢ Changed first sentence of Basic CONNECHIONS SECLOMN ........coiuiiiiiiiiiiiie ettt 13
¢ Changed last paragraph of Selecting Rg SECUON ........uiiiiiiiiiiie et e e e e e e e e e s st a e e e s etbaeeeesantaaeas 13
e Changed Table 1 and Table 2
e Changed Figure 25 ........cccccevvennee
« Changed Improving Transient Robustness section: changed first paragraph, added caution and last paragraph.............. 19
Changes from Revision D (October 2013) to Revision E Page

« Added Handling Rating table, Feature Description section, Device Functional Modes, Application and
Implementation section, Power Supply Recommendations section, Layout section, Device and Documentation

Support section, and Mechanical, Packaging, and Orderable Information SECHON ...........ccooviiiiiiiiiiiiiie e 5
* Deleted 0,, thermal resistance parameter from Electrical CharacteriStiCS ...........oovviiiiieiiieiee e 7
Changes from Revision C (August 2013) to Revision D Page
o CHH EEE INA213-Q1 S8F UK T INA2LBA-QL B3 .ottt enen et ns 1
e Deleted T,, Operating Temperature from ABSOLUTE MAXIMUM RATINGS table ........ccoovieiiiiiiiiieee e 5
Changes from Revision B (June 2010) to Revision C Page
Dl B e o A A © 1 OO RRUTR 1
o s ey T |2 B I 0100 Y /Y OO 1
I 2 s i T TSSOSO
o TECULHITRRIN T “INA212-Q1 $24E 1000V/V HILE E 13
o FEBMETIINT INA2L2-QLo oottt ettt ettt ettt e et et et et e e et e se et ese et ees et eas et eaeeaeseeaeaeeteae et ese et eae et ete et ete e erenerenes
e Deleted Ordering INfOrMation tADIE ...........ooiiiiiie e e e e e e sttt e e e e b e e e e s e tb e e e e e e stbaeeaeeansraaeaean 5
e Changed HBM t0 2000 V, reMOVEA MIM. ..ottt ettt ettt e ettt e e e e tb e et e e s e b b et e e e e e bbe e e e e e anbbbeeaeeannaneeeeaanneneaaas 5
LI @1 g F=TgTo T=To B N (0T 0 I o 24 e OO UPR PRI 5
¢ Added INA212-Q1 values to CMRR Vg and Gain in Electrical Characteristics table. .............ccocceiiiiiiii s 6
¢ Changed Bandwidth parameter in the ELECTRICAL CHARACTERISTICS to differentiate between devices...................... 7
+ M GAIN vs FREQUENCY graph to show difference between deVICES ............cccoveerieirieierieinieese e 8
¢ Added INA212-Q1 device name in APP INFOMALION. ......oiiiiiiiiiiie e e e e e e et e e e s e ae e e e s esanes 13

e Added INA212-Q1 t0 IMAJE. «..ooiuvvieeeeiiiiiee e
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5 Pin Configuration and Functions

DCK Package
6-Pin SC70
Top View

o

REF EL % ouT
Ve E %E IN+

Pin Functions

NENE PIN No) /0 DESCRIPTION
GND 2 — Ground
IN— 5 | Connect to load side of shunt resistor.
IN+ 4 | Connect to supply side of shunt resistor
ouT 6 (0] Output voltage
REF 1 | Reference voltage, 0 V to V+
V+ 3 — Power supply, 2.7 V to 26 V
4 Copyright © 2009-2017, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

Supply voltage, Vg @ 26 \Y

Differential : Vpjr = (Vin+) — (Vino) -26 26
Analog inputs, Vins , Vin-® Common-mode (Version A) GND - 0.3 26 v

Common-mode (Versions B and C) GND - 0.1 26 \%
REF input GND -0.3 (Vs) + 0.3 \Y;
Output® GND-0.3 (Vg) +0.3 \Y
Input current into any pin® 5 mA
Operating temperature -40 125 °C
Junction temperature 150 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Vs refers to the voltage at the V+ pin.

(3) Vin+ and Viy_ are the voltages at the IN+ and IN— pins, respectively.

(4) Input voltage at any pin can exceed the voltage shown if the current at that pin is limited to 5 mA.

6.2 ESD Ratings

VALUE UNIT
INA21x-Q1 (VERSION A)
o Human body model (HBM), per AEC Q100-002™ +2000
V(Esb) Electrostatic discharge - \%
Charged device model (CDM), per AEC Q100-011 +1000
INA21x-Q1 (VERSIONS B AND C)
o Human body model (HBM), per AEC Q100-002™ +3500
V(Esb) Electrostatic discharge - \%
Charged device model (CDM), per AEC Q100-011 +1000
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vem Common-mode input voltage 12 \%
Vs Supply voltage 2.7 26 \%
T; Junction temperature -40 125 °C
6.4 Thermal Information
INA21x-Q1
THERMAL METRIC® DCK (SC70) UNIT
6 PINS
Roia Junction-to-ambient thermal resistance 227.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 79.5 °C/W
Ross Junction-to-board thermal resistance 72.1 °C/W
T Junction-to-top characterization parameter 3.6 °C/W
ViR Junction-to-board characterization parameter 70.4 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

Copyright © 2009-2017, Texas Instruments Incorporated
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6.5 Electrical Characteristics

at Tp = 25°C, Vgense = Vine — Vines
INA210-Q1, INA213-Q1, INA214-Q1, and INA215-Q1: Vs =5V, V|\: =12V, and Vger = Vs / 2, (unless otherwise noted)
INA211-Q1 and INA212-Q1: Vg =12 V, Vy« =12V, and Vgee = Vg / 2, (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX|  UNIT
INPUT
Version A
o o -0.3 26
v Common-mode Ta =—-40°C to 125°C v
oM input Versions B and C 01 26
Ta =-40°C to 125°C '
INA210-Q1
INA211-Q1
Common-mode Vine =0V 1026V INA212-Q1 105 140
CMRR rejection ratio Vsense = 0 mV INA214-Q1 dB
Ta =-40°C to 125°C INA215-Q1
INA213-Q1 100 120
INA210-Q1
INA211-Q1 +0.55 +35
v Offset voltage, Vsense = 0 mV INA212-Q1 Y
0s RTIO Ta=25°C INA213-Q1 +5 +100
INA214-Q1
INA215-Q1 1 60
Offset voltage vs _ o o o
dVos/dT o rature® Ta = —40°C to 125°C 0.1 05| pvrc
Vs=27Vio18V
Offset voltage vs Vin+ =18V
PSR power supply Vsense = 0 mV 0.1 *10 wnv
Ta = 25°C
g Input bias current ¥SE_N52ES:CO mv 15 28 35 pA
A=
los Input offset current }I./S'E_’\'Sz'fsfco mv +0.02 PA
A=
OUTPUT
INA210-Q1 200
INA211-Q1 500
_ INA212-Q1 1000
Gain VIV
INA213-Q1 50
INA214-Q1 100
INA215-Q1 75
Vsense = -5 mV to 5 mV (Versions A and B) o o
cal Ta = —40°C to 125°C *0.02% 1%
ain error
Vsense = —5 mV to 5 mV (Version C) o o
T = —40°C to 125°C +0.02% +0.5%
Gain error vs _ o ° °
temperature ® Ta =—-40°C to 125°C 3 10| ppm/°C
Nonlinearity error Ta = 25°C +0.01%
A=
Maximum capacitive | No sustained oscillation 1 nE
load Tp=25°C
VOLTAGE OUTPUT
Output voltage _
swing to V+ power- ?L - igolf,% tt% fg‘s?c (V+) —0.05 (V+) -0.2 \%
supply rail® A
Output voltage _ o o
swing to GND Ta = —40°C to 125°C (Vonp) + 0.005 (Vo) + 0.05 v

(1) RTI = referred to input.
(2) Not production tested.
(3) See M 10 in Typical Characteristics.

6
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Electrical Characteristics (continued)

at TA = 25°C, VSENSE = V|N+ - V|N—'
INA210-Q1, INA213-Q1, INA214-Q1, and INA215-Q1: Vs =5V, Vi\: = 12V, and Vg = Vs / 2, (unless otherwise noted)
INA211-Q1 and INA212-Q1: Vg =12 V, Vy« = 12V, and Vgee = V5 / 2, (unless otherwise noted)

PARAMETER TEST CONDITIONS TYP MAX ‘ UNIT
FREQUENCY RESPONSE
Croap = 10 pF 14
INA210-Q1
CLoap = 10 pF 7
INA211-Q1
Croap = 10 pF 4
_ INA212-Q1
BW Bandwidth Tp=25°C kHz
CLoap = 10 pF 80
INA213-Q1
Croap = 10 pF 30
INA214-Q1
CLoap = 10 pF 20
INA215-Q1
SR Slew rate Tp =25°C 0.4 Vius
NOISE, RTI
Voltage noise RTIO
density Tp = 25°C 25 nvNHz
POWER SUPPLY
Ta =25°C 65 100
lo Quiescent current Vsense = 0 mV Ta = —40°C to HA
125°C 115

MR © 2009-2017, Texas Instruments Incorporated
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6.6 Typical Characteristics
at T, =25°C, Vs =5V, V\: =12V, and Vgee = Vs / 2, (unless otherwise noted)
100
— 80
= 60
- S 40
S Py 20
g = S
o ® -20
- £
o -40
-60
I -80
BgERLEeRoP2RLgR g, 100
[ e S A -50 -25 0 25 50 75 100 125 150
Offset Voltage (uV) Temperature (°C)
1. Input Offset Voltage Production Distribution 2. Offset Voltage vs Temperature
5
4
3
. 2
g
) =
3 o 0
o i
o = A
o
-2
[ - -3
l -4
SnmowomowonowonowoOno®Vo -5
PYITIYNT TR ST TNNOOTTW -50 -25 0 25 50 75 100 125 150
Common-Mode Rejection Ratio (uV/V) Temperature (°C)
3. Common-Mode Rejection Production Distribution 4. Common-Mode Rejection Ratio vs Temperature
1.0
— 0.8
0.6
04
x
S 5 02
g | {9% -0.2
04
-0.6
-0.8
1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 -10
COONOTOHNANT O ANMILL ON®ODO -50 -25 0 25 50 75 100 125 150
T99999999F Cecoococooco~r Temperature (°C)
Gain Error (%) 20 typical units shown
5. Gain Error Production Distribution 6. Gain Error vs Temperature

8 MRAX © 2009-2017, Texas Instruments Incorporated
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Typical Characteristics (T X)

at T, =25°C, Vg =5V, V\: =12V, and Vgee = Vs / 2, (unless otherwise noted)
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Typical Characteristics (T X)

at T, =25°C, Vg =5V, V\: =12V, and Vgee = Vs / 2, (unless otherwise noted)

15. Input-Referred Voltage Noise vs Frequency
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16. 0.1-Hz To 10-Hz Voltage Noise (Referred-To-Input)
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18. Common-Mode Voltage Transient Response
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Typical Characteristics (T X)
at Tp =25°C, Vg =5V, V. =12V, and Vgee = Vs / 2, (unless otherwise noted)
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7 Detailed Description

7.1 Overview

The INA210-Q1 to INA215-Q1 are 26-V, common-mode, zero-drift topology, current-sensing amplifiers that can
be used in both low-side and high-side configurations. These specially-designed, current-sensing amplifiers are
able to accurately measure voltages developed across current-sensing resistors on common-mode voltages that
far exceed the supply voltage powering the device. Current can be measured on input voltage rails as high as
26 V and the device can be powered from supply voltages as low as 2.7 V.

The zero-drift topology enables high-precision measurements with maximum input offset voltages as low as
35 uV with a maximum temperature contribution of 0.5 pV/°C over the full temperature range of —40°C to 125°C.

7.2 Functional Block Diagram

[
|-
IN-
ouT
IN+
REF
[
|-
GND

Copyright © 2017, Texas Instruments Incorporated
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7.3 Feature Description

7.3.1 Basic Connections

23 shows the basic connections of the INA210-Q1 to INA215-Q1. Connect the input pins (IN+ and IN-) as
closely as possible to the shunt resistor to minimize any resistance in series with the shunt resistor.

Rshunt

Power Supplw—!»—/\/\/\/ Load

5-V Supply

o CBYPASS
—— 01pF

ouT /
ADC Microcontroller
+ \

IN+ REF

GND

Copyright © 2017, Texas Instruments Incorporated

23. Typical Application

Power-supply bypass capacitors are required for stability. Applications with noisy or high-impedance power
supplies can require additional decoupling capacitors to reject power-supply noise. Connect bypass capacitors
close to the device pins.

7.3.2 Selecting Rg

The zero-drift offset performance of the INA21x-Q1 family of devices offers several benefits. In general, the
primary advantage of the low offset characteristic enables lower full-scale drops across the shunt. For example,
non-zero-drift current-shunt monitors typically require a full-scale range of 100 mV.

The INA21x-Q1 family of devices provides equivalent accuracy at a full-scale range on the order of 10 mV. This
accuracy reduces shunt dissipation by an order of magnitude with many additional benefits.

Alternatively, some applications must measure current over a wide dynamic range and can take advantage of the
low offset on the low end of the measurement. Most often, these applications can use the lower-gain INA213-Q1,
INA214-Q1, or INA215-Q1 to accommodate larger shunt drops on the upper end of the scale. For instance, an
INA213-Q1 device operating on a 3.3-V supply can easily support a full-scale shunt drop of 60 mV, with only
100 pV of offset.

MR © 2009-2017, Texas Instruments Incorporated 13
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7.4 Device Functional Modes

7.4.1 Input Filtering

An obvious and straightforward location for filtering is at the output of the INA21x-Q1 family of devices. However,
this location negates the advantage of the low output impedance of the internal buffer. The only other filtering
option is at the input pins of the INA21x-Q1 family of devices. This location, however, requires consideration of
the £30% tolerance of the internal resistances. B 24 shows a filter placed at the input pins.

V+
VCM
Rs<10Q Rt
- Vour
Rshunt § Cr—— Bias —
+
Rs<10Q v
RINT
Load

24. Filter at Input Pins

The addition of external series resistance, however, creates an additional error in the measurement so the value
of these series resistors must be kept to 10 Q (or less, if possible) to reduce impact to accuracy. The internal
bias network shown in B 24 that is present at the input pins creates a mismatch in input bias currents when a
differential voltage is applied between the input pins. If additional external series filter resistors are added to the
circuit, the mismatch in bias currents results in a mismatch of voltage drops across the filter resistors. This
mismatch creates a differential error voltage that subtracts from the voltage developed at the shunt resistor. This
error results in a voltage at the device input pins that is different than the voltage developed across the shunt
resistor. Without the additional series resistance, the mismatch in input bias currents has little effect on device
operation. The amount of error these external filter resistors add to the measurement can be calculated using 2
3\ 2 where the gain error factor is calculated using 23 1.

The amount of variance in the differential voltage present at the device input relative to the voltage developed at
the shunt resistor is based both on the external series resistance value as well as the internal input resistors, Ry
and R, (or Ryt @s shown in B 24). The reduction of the shunt voltage reaching the device input pins appears as
a gain error when comparing the output voltage relative to the voltage across the shunt resistor. A factor can be
calculated to determine the amount of gain error that is introduced by the addition of external series resistance.
Use 4% 1 to calculate the expected deviation from the shunt voltage to what is measured at the device input
pins.
(1250 x Rj\y)

Gain Error Factor =
(1250 x Rg) + (1250 x Ryyy) + (Rg x Riyy)

where:
e Ryt is the internal input resistor (R; and R,), and
* Rgis the external series resistance. (2)
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Device Functional Modes (T R)

With the adjustment factor from 23 1 including the device internal input resistance, this factor varies with each
gain version, as shown in & 1. 5k 2 lists each individual device gain-error factor.

# 1. Input Resistance

PRODUCT GAIN Rint (k)
INA210-Q1 200 5
INA211-Q1 500

INA212-Q1 1000 1
INA213-Q1 50 20
INA214-Q1 100 10
INA215-Q1 75 13.3

3% 2. Device Gain Error Factor

PRODUCT SIMPLIFIED GAIN ERROR FACTOR
1000
INA210-Q1 Rg + 1000
10,000
INA211-Q1 (13 x Rg) + 10,000
5000
INA212-Q1 (9 x Rg) + 5000
20000
INA213-Q1 (17 x Rg) + 20,000
10000
INA214-Q1 (9 x Rg) + 10,000
, 8O0
INA215-Q1 (7x Rs) + 8,000

Use 23 2 to calculate the gain error that can be expected from the addition of the external series resistors.
Gain Error (%) = 100 — (100 x Gain Error Factor) )

For example, using an INA212-Q1 device and the corresponding gain error equation from % 2, a series
resistance of 10 Q results in a gain error factor of 0.982. The corresponding gain error is then calculated using 2
3\ 2, resulting in a gain error of approximately 1.77% solely because of the external 10-Q series resistors. Using
an INA213-Q1 with the same 10-Q series resistor results in a gain error factor of 0.991 and a gain error of 0.84%
again solely because of these external resistors.
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7.4.2 Shutting Down the INA21x-Q1 Series

While the INA21x-Q1 family of devices does not have a shutdown pin, the low-power consumption of the device
allows the output of a logic gate or transistor switch to power the device. This gate or switch turns on and turns
off the INA21x-Q1 power-supply quiescent current.

However, in current-shunt monitoring applications, the amount of current drained from the shunt circuit in
shutdown conditions must be considered. Evaluating this current drain involves considering the simplified
schematic of the INA21x-Q1 family of devices in shutdown mode shown in B 25.

RsHunt
Reference Sugply Load

Voltage \/\/\/\

~_ REF INA21x-Q1 ouT Output
| >---- 0

J— GND TMQ - Rs | IN-

Shutdown | v+ m] N

Control

W PRODUCT R;and R,
1 MQ R4
INA210-Q1 5kQ
Cavpass INA211-Q1 2kQ
INA212-Q1 1kQ

— INA213-Q1 20 kQ
INA214-Q1 10 kQ
INA215-Q1 13.3 kQ

Copyright © 2017, Texas Instruments Incorporated
NOTE: 1-MQ paths from shunt inputs to reference and INA21x-Q1 outputs.

25. Basic Circuit for Shutting Down INA21x-Q1 With a Grounded Reference

Slightly more than a 1-MQ impedance (from the combination of 1-MQ feedback and 5-kQ input resistors) exists
from each input of the INA21x-Q1 family of devices to the OUT pin and to the REF pin. The amount of current
flowing through these pins depends on the respective ultimate connection. For example, if the REF pin is
grounded, the calculation of the effect of the 1-MQ impedance from the shunt to ground is straightforward.
However, if the reference or operational amplifier (op amp) is powered when the INA21x-Q1 family of devices is
shut down, the calculation is direct. Instead of assuming 1 MQ to ground, however, assume 1 MQ to the
reference voltage. If the reference or op amp is also shut down, some knowledge of the reference or op amp
output impedance under shutdown conditions is required. For instance, if the reference source behaves as an
open circuit when not powered, little or no current flows through the 1-MQ path.

Regarding the 1-MQ path to the output pin, the output stage of a disabled INA21x-Q1 device does constitute a
good path to ground; consequently, this current is directly proportional to a shunt common-mode voltage present
across a 1-MQ resistor.

x
When the device is powered up, an additional, nearly constant and well-matched 25-pA
current flows in each of the inputs as long as the shunt common-mode voltage is 3 V or
higher. Below 2-V common-mode, the only current effects are the result of the 1-MQ
resistors.
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7.4.3 REF Input Impedance Effects

As with any difference amplifier, the INA21x-Q1 common-mode rejection ratio is affected by any impedance
present at the REF input. This concern is not a problem when the REF pin is connected directly to most
references or power supplies. When using resistive dividers from the power supply or a reference voltage, buffer
the REF pin by an op amp.

In systems where the INA21x-Q1 output can be sensed differentially, such as by a differential input analog-to-
digital converter (ADC) or by using two separate ADC inputs, the effects of external impedance on the REF input
can be cancelled. B 26 shows a method of taking the output from the INA21x-Q1 family of devices by using the
REF pin as a reference.

Supply RSHUNT Load
.

—

ADC
INA21x-Q1 ouT Output

O
% REF
|
GND R R N

27Vto26V

=
+

b

e
P

T
CBVPASS
0.01 pF I

to

Copyright © 2017, Texas Instruments Incorporated

26. Sensing INA21x-Q1 to Cancel Effects of Impedance on the REF Input

7.4.4 Using the INA21x-Q1 with Common-Mode Transients Above 26 V

With a small amount of additional circuitry, the INA21x-Q1 family of devices can be used in circuits subject to
transients higher than 26 V, such as automotive applications. Use only Zener diode or Zener-type transient
absorbers (sometimes referred to as transzorbs)—any other type of transient absorber has an unacceptable time
delay. Begin by adding a pair of resistors as a working impedance for the Zener diode, as shown in 27.
Keeping these resistors as small as possible is preferable, typically around 10 Q. Larger values can be used with
an effect on gain that is discussed in the Input Filtering section. Because this circuit limits only short-term
transients, many applications are satisfied with a 10-Q resistor along with conventional Zener diodes of the
lowest power rating that can be found. This combination uses the least amount of board space. These diodes
can be found in packages as small as SOT-523 or SOD-523.
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Supply Roanr Load

o
RPROTECT RPROTECT
100Q 10Q

Reference
Voltage

> “. REF INA21x-Q1 ouT = Ou(t)put

J— GND 1MQ R |IN-
Shutdown A " -ll o d N+
Control l 1MQ R,

Copyright © 2017, Texas Instruments Incorporated

C BYPASS

27. INA21x-Q1 Transient Protection Using Dual Zener Diodes

In the event that low-power Zener diodes do not have sufficient transient absorption capability and a higher
power transzorb must be used, the most package-efficient solution then involves using a single transzorb and
back-to-back diodes between the device inputs. The most space-efficient solutions are dual series-connected
diodes in a single SOT-523 or SOD-523 package. B 28 shows this method. In either of these examples, the total
board area required by the INA21x-Q1 family of devices with all protective components is less than that of an
SO-8 package, and only slightly greater than that of an MSOP-8 package.

Supply Rounr Load

O
RPROTECT RPROTECT
10Q 10Q
Reference
Voltage

> “. REF INA21x-Q1 ouT Ou(t)put

J— GND ma R N-

3
AM—e— MM

Shutdown _V+ m -ll | IN*
Control l 1MQ R,

Copyright © 2017, Texas Instruments Incorporated

b

CEVPASS

28. INA21x-Q1 Transient Protection Using a Single Transzorb and Input Clamps
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7.4.5 Improving Transient Robustness

CAUTION

Applications involving large input transients with excessive dV/dt above 2 kV per
microsecond present at the device input pins can cause damage to the internal ESD
structures on version A devices.

The potential damage from large input transients is a result of the internal latching of the ESD structure to ground
when this transient occurs at the input. With significant current available in most current-sensing applications, the
large current flowing through the input transient-triggered, ground-shorted ESD structure quickly results in
damage to the silicon. External filtering can be used to attenuate the transient signal prior to reaching the inputs
to avoid the latching condition. Care must be taken to ensure that external series input resistance does not
significantly impact gain error accuracy. For accuracy purposes, keep these resistances under 10 Q if possible.
Ferrite beads are recommended for this filter because of the inherently low-dc ohmic value. Ferrite beads with
less than 10 Q of resistance at dc and over 600 Q of resistance at 100 MHz to 200 MHz are recommended. The
recommended capacitor values for this filter are between 0.01 pF and 0.1 pF to ensure adequate attenuation in
the high-frequency region. B 29 illustrates this protection scheme.

Shunt
Reference S Load <——eA\N\\-e—< Supply
Voltage N
N Device
\. REF out Output
7
7
L 1M R3 |
J: GND DI
L T MMZ1608B601C
- V4 IN+
27V1026V ﬁi AT I T
0.014F 0.01pF _L_

to 0.1uF :I: to 0.1uF

Copyright © 2017, Texas Instruments Incorporated

29. Transient Protection

To minimize the cost of adding these external components to protect the device in applications where large
transient signals may be present, version B and C devices are now available with new ESD structures that are
not susceptible to this latching condition. Version B and C devices are incapable of sustaining these damage-
causing latched conditions so they do not have the same sensitivity to the transients that the version A devices
have, thus making the version B and C devices a better fit for these applications.

MR © 2009-2017, Texas Instruments Incorporated 19


http://www.ti.com.cn/product/cn/ina210-q1?qgpn=ina210-q1
http://www.ti.com.cn/product/cn/ina211-q1?qgpn=ina211-q1
http://www.ti.com.cn/product/cn/ina212-q1?qgpn=ina212-q1
http://www.ti.com.cn/product/cn/ina213-q1?qgpn=ina213-q1
http://www.ti.com.cn/product/cn/ina214-q1?qgpn=ina214-q1
http://www.ti.com.cn/product/cn/ina215-q1?qgpn=ina215-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
INA210-Q1, INA211-Q1, INA212-Q1, INA213-Q1, INA214-Q1, INA215-Q1

ZHCSGQ6H —MARCH 2009—REVISED SEPTEMBER 2017 www.ti.com.cn

8 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The INA21x-Q1 family of devices measure the voltage developed across a current-sensing resistor when current
passes through the resistor. The ability to drive the reference pin to adjust the functionality of the output signal
offers multiple configurations, as discussed throughout the Typical Applications section.

8.2 Typical Applications

8.2.1 Unidirectional Operation

Unidirectional operation allows the INA21x-Q1 family of devices to measure currents through a resistive shunt in
one direction. The most frequent case of unidirectional operation sets the output at ground by connecting the
REF pin to ground. In unidirectional applications where the highest possible accuracy is desirable at very low
inputs, bias the REF pin to a convenient value above 50 mV to get the device output swing into the linear range
for zero inputs.

A less frequent case of unipolar output biasing is to bias the output by connecting the REF pin to the supply. In
this case, the quiescent output for zero input is at quiescent supply. This configuration only responds to negative
currents (inverted voltage polarity at the device input).

Bus Supply Load Power Supply
o L
——  Caypass
v+ 0.1 uF
=AW M —
ouT Output
+
A MA—
GND
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30. Unidirectional Application Schematic

8.2.1.1 Design Requirements

The device can be configured to monitor current flowing in one direction (unidirectional) or in both directions
(bidirectional) depending on how the REF pin is configured. The most common case is unidirectional where the
output is set to ground when no current is flowing by connecting the REF pin to ground, as shown in B 30. When
the input signal increases, the output voltage at the OUT pin increases.

20 MRAX © 2009-2017, Texas Instruments Incorporated
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Typical Applications (##TR)
8.2.1.2 Detailed Design Procedure

The linear range of the output stage is limited in how close the output voltage can approach ground under zero
input conditions. In unidirectional applications where measuring very-low input currents is desirable, bias the REF
pin to a convenient value above 50 mV to get the output into the linear range of the device. To limit common-
mode rejection errors, TlI recommends buffering the reference voltage connected to the REF pin.

A less frequently-used output biasing method is to connect the REF pin to the supply voltage, V+. This method
results in the output voltage saturating at 200 mV below the supply voltage when no differential input signal is
present. This method is similar to the output-saturated low condition with no input signal when the REF pin is
connected to ground. The output voltage in this configuration only responds to negative currents that develop
negative differential input voltage relative to the device IN— pin. Under these conditions, when the differential
input signal increases negatively, the output voltage moves downward from the saturated supply voltage. The
voltage applied to the REF pin must not exceed the device supply voltage.

8.2.1.3 Application Curve

B 31 shows an example output response of a unidirectional configuration. With the REF pin connected directly
to ground, the output voltage is biased to this zero output level. The output rises above the reference voltage for
positive differential input signals but cannot fall below the reference voltage for negative differential input signals
because of the grounded reference voltage.

Output Voltage
(1 V/div)
o
<

VOUT

VREF

Time (500 ps /div)

31. Unidirectional Application Output Response
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Typical Applications (##TR)
8.2.2 Bidirectional Operation

Bus Supply Load Power Supply
o—«%»—»
‘
Cavpass
v+ 0.1 pF
IN-

ouT Output
O

Reference
Voltage

IN+ REF
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32. Bidirectional Application Schematic

8.2.2.1 Design Requirements

The device is a bidirectional, current-sense amplifier capable of measuring currents through a resistive shunt in
two directions. This bidirectional monitoring is common in applications that include charging and discharging
operations where the current flow-through resistor can change directions.

8.2.2.2 Detailed Design Procedure

The ability to measure this current flowing in both directions is enabled by applying a voltage to the REF pin, as
shown in B 32. The voltage applied to REF (Vrge) sets the output state that corresponds to the zero-input level
state. The output then responds by increasing above the Ve value for positive differential signals (relative to the
IN— pin) and responds by decreasing below the Vrge value for negative differential signals. This reference
voltage applied to the REF pin can be set anywhere between 0 V to V+. For bidirectional applications, the Vgge
value is typically set at mid-scale for equal signal range in both current directions. In some cases, however, the
Vger Value is set at a voltage other than mid-scale when the bidirectional current and corresponding output signal
are note required to be symmetrical.

8.2.2.3 Application Curve

33 shows an example output response of a bidirectional configuration. With the REF pin connected to a
reference voltage, 2.5 V in this case, the output voltage is biased upwards by this reference level. The output
rises above the reference voltage for positive differential input signals and falls below the reference voltage for
negative differential input signals.

| \

VRVRVRVEY

V \¥4 \¥) \¥J ¥

Vour
ov Veer
Time (500 ps/div)

Output Voltage
(1 V/div)

33. Bidirectional Application Output Response
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9 Power Supply Recommendations

The input circuitry of the INA21x-Q1 family of devices can accurately measure beyond the power-supply voltage,
V+. For example, the V+ power supply can be 5 V, whereas the load power-supply voltage can be as high as 26
V. However, the output voltage range of the OUT pin is limited by the voltages on the power-supply pin. The
INA21x-Q1 family of devices can withstand the full input-signal range up to 26 V at the input pins, regardless of
whether the device has power applied or not.

10 Layout

10.1 Layout Guidelines

« Connect the input pins to the sensing resistor using a Kelvin or 4-wire connection. This connection technique
ensures that only the current-sensing resistor impedance is detected between the input pins. Poor routing of
the current-sensing resistor commonly results in additional resistance present between the input pins. Given
the very-low ohmic value of the current resistor, any additional high-current carrying impedance can cause
significant measurement errors.

» Place the power-supply bypass capacitor as closely as possible to the supply and ground pins. The
recommended value of this bypass capacitor is 0.1 puF. Additional decoupling capacitance can be added to
compensate for noisy or high-impedance power supplies.

10.2 Layout Example

Output Signal
Trace
VIA to Power or
Ground Plane
2}
. + W ! VIA to Ground Plane
z z -

ouT

REF
GND

+
>

Supply
Voltage
-’

Supply Bypass
Capacitor
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34. Recommended Layout
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 0) (6) ®3) (4/5)
INA210BQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 13F Samples
& no Sh/Br) a =
INA210CQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 17D Samples
& no Sb/Br) . -
INA211BQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 13G Samples
& no Sb/Br) . -
INA211CQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 17E Samnle
& no Sh/Br)
INA212AQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 SIW Samnles
& no Sh/Br) SR
INA212BQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 13H Kl
& no Sh/Br) SRS
INA212CQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 17F g e
& no Sh/Br)
INA213AQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 OBX g e
& no Sh/Br)
INA213BQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 131 el
& no Sh/Br) e
INA213CQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 17G Samples
& no Sh/Br) - -
INA214AQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 OFT
& no Sb/Br) . =
INA214BQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 13J
& no Sb/Br) . -
INA214CQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 125 17H Samples
& no Sb/Br) . -
INA215BQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -551t0 125 13K Samples
& no Sb/Br) . -
INA215CQDCKRQ1 ACTIVE SC70 DCK 6 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 171 Samples
& no Sb/Br) . -

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
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PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 T [ KO [+—P1—»
1]
lReeI ) l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O ofSprocket Holes
I
Q1 : Q2
Q3 i Qé User Direction of Feed
T
Pocket\(ljgdrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)

INA210BQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA210CQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA211BQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 2.5 1.2 4.0 8.0 Q3

INA211CQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA212AQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 2.5 1.2 4.0 8.0 Q3

INA212BQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA212CQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA213AQDCKRQ1 SC70 DCK 6 3000 178.0 8.4 2.4 25 1.2 4.0 8.0 Q3

INA213AQDCKRQ1 SC70 DCK 6 3000 180.0 8.4 2.47 2.3 1.25 4.0 8.0 Q3

INA213BQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA213CQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA214AQDCKRQ1 SC70 DCK 6 3000 180.0 8.4 2.47 2.3 1.25 4.0 8.0 Q3

INA214BQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 2.5 1.2 4.0 8.0 Q3

INA214CQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA215BQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3

INA215CQDCKRQ1 SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA210BQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA210CQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA211BQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA211CQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA212AQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA212BQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA212CQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA213AQDCKRQ1 SC70 DCK 6 3000 340.0 340.0 38.0
INA213AQDCKRQ1 SC70 DCK 6 3000 213.0 191.0 35.0
INA213BQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA213CQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA214AQDCKRQ1 SC70 DCK 6 3000 202.0 201.0 28.0
INA214BQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA214CQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA215BQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
INA215CQDCKRQ1 SC70 DCK 6 3000 180.0 180.0 18.0
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MECHANICAL DATA

DCK (R—PDSO—GB) PLASTIC SMALL—OUTLINE PACKAGE
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NOTES: Al linear dimensions are in millimeters.
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

Falls within JEDEC MO-203 variation AB.
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LAND PATTERN DATA

DCK (R—PDSO—G6)

PLASTIC SMALL OUTLINE

Example Board Layout
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Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).
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NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC=7351 is recommended for alternate designs.

metal load solder paste.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

Customers should
Example stencil design based on a 50% volumetric

Refer to IPC-7525 for other stencil recommendations.
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